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Specialty cut flowers are nontraditional cut flowers used primarily in floral arrangements.  
Most specialty cut flowers are grown in an open field and production is dependent on a 
combination of climactic factors, which in turn affects the number of days to harvest and yield.  
Scheduled plantings of Celosia argentea var. cristata L., Helianthus annuus L., Zinnia elegans 
Jacq., and Gladiolus X hortulanus L. H. Bailey were conducted to determine the effect of time 
on the number of days to harvest and yield.  Plants were grown in an open field from February to 
August in 2001 and 2002.  Days to harvest decreased for the later planting dates of Gladiolus and 
Zinnia, but varied between planting dates for Celosia and Helianthus.  Postharvest longevity of 
pollen-producing and pollenless cultivars was found to be similar, but longevity appears to be 
cultivar dependent.  Few differences in yield for branching cultivars of Celosia and for two cut 
stem lengths of Zinnia were found over the planting dates. Scheduled plantings of cut flowers are 
necessary for season-long production of a particular crop however; days to harvest and yield may 
vary throughout the growing season for a particular crop. 
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CHAPTER 1  
INTRODUCTION 
Specialty cut flowers are nontraditional cut flowers used for asthetic purposes primarily 
in floral arrangements.  Production of specialty cut flowers has become a profitable business in 
the U. S. and is increasing in popularity.  Production requires availability of land, minimal 
capital investment and a consistent market.  These factors in conjunction with a quality product 
harvested the same day of sale and a demand for alternative or nontraditional flowers has caused 
a resurgence in U. S. production.  Growing specialty cuts is dependent on a combination of 
climactic factors, which in turn affects flower quality and yield.   
Columbia, the largest exporter of cut flowers to the U. S. (Miller, 1989), has an ideal 
climate for growing cut flowers and the labor force available for the industry.  The United States 
Gulf Coast has a mild winter climate that provides an early growing season and a hot humid 
summer climate providing for a challenging production schedule.  These factors affect time of 
flowering, flower quality and yield of field grown cut flowers. 
 Little research has been done on growing specialty cuts (Espinosa et al., Liatris, 1991; 
Boyle and Stimart, Zinnia, 1983; Piringer and Borthwick, Celosia, 1961). Much of the research 
performed has been in greenhouses where both the temperature and the light was controlled.  The 
United States imports approximately $1 billion worth of cut flowers and greens each year 
(Miller, 1999) in addition to the approximately $427 million grown and sold in the United States 
(USDA, 2000).  Over the past 10 years, cut flower production in the United States has risen.  The 
number of growers has declined, however current growers are producing crops with higher yields 
and wholesale sales are increasing.  For the small producer, this is encouraging.  In 2000, the 
wholesale value of cut flowers in the United States for growers with operations of $100,000+ 
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sales was $427,484,000 compared to 1996 at $412,700,000, an increase of almost $15,000,000 
(USDA, 1997; USDA, 2000).  California growers produced 67% of the total cut flower value in 
2000.  The number of growers declined from 763 in 1996 to 503 in 2000.  Thus, fewer growers 




Cut flowers, as most flowering plants, prefer a growing location in full sun for most of 
the day (Stevens, 1998).  Both the presence and absence of light greatly affects flower 
development.  Flowering of most annual plants is controlled partially by day length provided 
temperatures are in the proper range (Hartmann et al., 1981).  A plant responds to flowering 
according to the hours of light perceived which is called the photoperiodic response.  Not all 
cultivars of a species however, respond the same.  Given identical growing conditions, some 
cultivars flower sooner than others.   Low light levels and short day lengths reduce flower bud 
count on gladiolus (Larson, 1992).  Celosia and Zinnia are quantitative short day plants in which 
short-days, 14 h or less of light, promote faster flowering (Armitage, 1993).  Long days also 
increase the amount of fasciation, deformity at the base of the flower stem, of Celosia argentea 
var. cristata (L.) O. Kuntze (Armitage, 1993).   Helianthus appears to be day neutral, although 
some cultivars flower faster under short-day lengths (Armitage, 1993).    
Temperature 
Temperature and day length are related in the sense that as natural day length becomes 
longer or shorter, the temperature warms or cools, respectively.  In plants, every chemical, 
physiological, and biological process is influenced by temperature (Hartmann et al., 1981).  Cut 
flowers produced during the summer months in some parts of the south may experience day 
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temperatures exceeding 38 oC (100 oF).  At these temperatures, biological processes in the plant 
may be adversely affected, therefore affecting the plants optimum performance.  At extremely 
high temperatures, proteins in the plant are denatured (Hartmann et al., 1981), critically affecting 
biological processes.  From seeding to post-harvest, temperature is probably the one factor that 
causes the highest loss in flower quality (Bent, 1990).  Zinnia, celosia, sunflower, and gladiolus 
flower faster under warm temperatures, between 18- 27 oC (65-80 oF), while lower temperatures 
reduce flowering and may cause flower blasting (Armitage, 1993). 
Black plastic is a popular inorganic mulch which is often used in field grown crops to 
create microclimatic conditions (Mahrer and Katan, 1981).  By modifying the crop’s 
microclimate, the economic value of horticultural crops can be justified by improved plant 
quality, accelerated plant growth and extended growing seasons (Tarara, 2000).   Black plastic 
mulch is inorganic but is excellent in reducing weed populations, increasing water retention, 
reducing nitrogen leaching and increasing soil temperature.  By increasing the soil temperature, 
crops can be planted in the field earlier which means accelerated harvest times, by as much as 7 
to 14 d (Stevens, 1998).  Soil temperatures under black plastic decrease as the soil depth 
increases and mulch coverage decreases (Mahrer, 1981).  The greatest affect on soil temperature 
is in the center of the mulch coverage and in the upper few centimeters of soil.  This is the 
location where most transplants and seeds are planted for production. 
Water  
A plant’s composition is 90% water.  Water is probably one of the most important and 
overlooked factors in producing plants.  Cut flowers are no exception.  Sources of water include 
rainfall, city water, river water, well water, and pond sources.  Good water quality is important in 
cut flower production (Larson, 1992) and a water analysis should be performed regardless of the 
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source.  Water is a vital part of the plant from germination through post-harvest.  It is essential in 
all biological reactions, a component of protein and nucleic acids and regulates the plants 
temperature ( Hartmann et al., 1981).  Relying on rainfall is unreliable and often not sufficient 
(Stevens, 1998).  Therefore an irrigation system of some type should be employed when growing 
specialty cut flowers.  Water stress either by overwatering or underwatering interferes with plant 
development and leads to many problems.  A watering schedule should be established based on 
soil type.  Field grown cut flowers are at a slight disadvantage because rainfall, if in excess, is 
uncontrollable.  A well drained soil is the best solution.  Water is lost through the leaves through 
transpiration and through the soil from evaporation.  These processes result in the requirement of 
more frequent watering in the warm summer months. 
 Drip irrigation is recommended as this delivers water to the root zone and little is wasted 
because the water is applied at the base of the plant and not into the rows (Stevens, 1998).  Using 
plastic mulch in conjunction with this type of irrigation allows for optimal soil moisture 
retention. 
Gladiolus x hortulanus 
 
Gladiolus x hortulanus L. H. Bailey, a member of the Iridaceae family, is widely 
cultivated as a cut flower.  It grows from a corm and flowering can be predicted after a certain 
number of leaves have formed depending on cultivar (Armitage, 1993).  Light, temperature and 
water are all important in flowering.   
Light is the major contributor to growth and development of Gladiolus.  Two assimilate 
sinks exist, the inflorescence and corms, and these are greatly affected by photoperiod.  One 
problem associated with low light intensities and low night temperatures under short day lengths 
is failure to flower, also known as blindness (Imanishi and Imae, 1990; Halevy, 1985).  A 
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“blind” mature gladiolus is not a plant in a vegetative state, but a plant which has aborted the 
flower, a phenomenon known as “blasting” (Halevy, 1985).  Under short day lengths, flower 
blindness and blasting is most prevalent indicating that the corm is a sink for assimilates, while 
under long day lengths, flowers grow and develop fully resulting in the inflorescence becoming a 
sink for assimilates (Halevy, 1985).  Imanishi and Imae (1990) also found that although 
flowering is affected at low light intensities at several leaf stages, flower development was most 
sensitive at the 4-5 leaf stage.  This is the stage shortly after floret differentiation occurs.   
While photoperiod affects flower development, temperature affects the number of days to 
flower.  Plants flower under warm temperatures in 60-80 d, while those growing under cool 
temperatures take 120-140 d (Halevy, 1985) for the same cultivar.  Chilling temperatures affect 
flowering at two stages of development: 1) young plants up to the 2-leaf stage and 2) at the 5-7 
leaf stage (Shillo and Halevy, 1976a; 1963).  High temperatures can also cause blasting, 
however, this is usually a result of poor water management rather than temperature (Armitage, 
1993).   
Gladiolus needs water to initiate and maintain growth and development.  Two stages of 
development were identified as being most sensitive to water stress.  One is immediately after 
planting and the other at the 4-7 leaf stage (Halevy, 1985).  Under water stress, low soil moisture 
(Halevy, 1962) and low air humidity (Shillo and Halevy, 1976a) the corm again becomes a sink 
while decreased assimilates are directed to the inflorescence (Halevy, 1985). 
Celosia argentea var. cristata 
 
Celosia argentea var. cristata (L.) O. Kuntze belongs to the Amaranthaceae family.  It is 
considered a quantitative short day plant (Driss-Ecole, 1977; Piringer and Borthwick, 1961) and 
has two forms: crested and plumosa.  Fasciation is a flattening of the stem and inflorescence 
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(Armitage, 1993) and is characteristic of Celosia.  It occurs early in plant development 
(Armitage, 1985) with greater fasciation occurring under long day lengths (Piringer and 
Borthwick, 1961).  Plants grown under long day lengths with photoperiods of 16 h or longer 
(Driss-Ecole, 1977; Piringer and Borthwick, 1961) showed more prominent fasciation and longer 
vegetative stages than plants grown under 8 h photoperiods (Driss-Ecole, 1977; 1978).  Armitage 
(1993) found the earliest flowering of Celosia occurred as light intensity and temperature 
increased from winter to spring.   
Helianthus annuus 
 
Helianthus annuus L., commonly called annual sunflower, belongs to the Asteraceae 
family.  Much of the research performed on Helianthus has been conducted on those bred for 
seed oil.  Those bred for cut flowers are similar to those used for seed oil, but the seeds are not 
recommended for consumption.  Flowering response to photoperiod appears to be cultivar-
dependent (Armitage, 1993; Goyne and Schneiter, 1988; Robinson et al., 1967) and occurs under 
a wide range of daylengths.  Some experiments have found Helianthus to be day neutral (Marc 
and Palmer, 1981; Pinthus, 1963; Putt and Unrau, 1943; Garner and Allard, 1920), however, 
Vince-Prue (1975) reports it to be both a quantitative short day and day neutral plant.  No 
response was indicated for cultivars grown under short day photoperiods (Roath et al., 1982), 
however, studies by Goyne et al. (1977) indicated several long day types.  Most Helianthus 
initiate flowers best when photoperiods are between 11 and 13 h (Heaton, 1999).  Studies 
conducted by Pallez et al. (2002) indicated that potted sunflowers grown under glass flowered 
faster under 8 and 12 h photoperiods, while those exposed to 16 h photoperiods took 
approximately 1 week longer to reach anthesis.   
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Temperature can also affect flowering.  Date of sowing can cause significant differences 
in days to harvest.  Warm temperatures, commonly associated with long photoperiods, appear to 
accelerate flowering and decrease the number of days to visible bud and flower for some 
cultivars of Helianthus.  Unger (1986) found that planting time had a major effect on emergence 
to bud and from bud to anthesis.  Those planted on later dates during the growing season had 
fewer days to reach bud and anthesis.  Doyle (1975) found the time of sowing to first anthesis 
decreased for later sowings through the mid summer months, then increased for later plantings 
leading into late summer and fall.  Optimal temperatures for flowering are between 22 and 30 oC 
(72 and 86 oF), while temperatures below 17 oC (63 oF) will delay flowering (Heaton and 
Denney , 1999).  Optimum temperature for growth is above 20 oC (68 oF) and appears to be a 
major factor limiting yield of oilseed in Australia (Anderson et al., 1978).  Studies by Goyne and 
Schneiter (1988) indicated a decrease in the number of days to visible bud as temperatures 
increased.   
Zinnia elegans 
 
Zinnia elegans Jacq. is a popular landscape plant as well as a cut flower.  Like 
Helianthus, it is in the Asteraceae family and provides growers with many colors and season-
long yields.  They are qualitative short day plants (Boyle et al., 1986; Armitage, 1993), and as 
few as 5 short days (12 h or less) are needed to promote flower initiation (Boyle and Stimart, 
1983).   Boyle et al. (1986) showed earliest flowering under summer conditions for greenhouse 
grown Zinnia and Armitage et al. (1981) indicated that some cultivars are more responsive to 
short days than others.  Boyle et al. (1986) also studied photosynthetic photon flux under glass 
and found that photon flux was highest in spring, but flowering occurred faster under summer 
light intensities with shade cloth applied.   High light intensities result in faster flowering due in 
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part to more efficient carbon allocation and a quicker transition from the vegetative state to the 
reproductive state (Sachs, 1977). 
Warm temperatures decreased the number of days from visible bud to flower (Armitage 
et al., 1981).  Temperature can influence the flowering response of many photoperiod sensitive 
plants (Mastalerz, 1977; Vince-Prue, 1975; Salisbury, 1963).  This accounts for Zinnia, as well 
as other qualitative short day plants, flowering faster under long day lengths.   
Zinnia Diseases 
Diseases also affect the yield of cut flowers.  Zinnia is especially prone to many diseases, 
Alternaria blight (Alternaria zinnia Pape), powdery mildew (Erysiphe cichoracearum DC ex 
Merat), and bacterial leaf and flower spot (Xanthomonas campestris  pv. zinniae Hopkins & 
Dowson) (Gombert et al., 2001).  Along with making plants unsightly, diseases decrease 
photosynthesis, which prevents plants from producing photosynthates necessary for optimum 
yields.  Warm temperatures enhance the development of these diseases (Anderson, 1971; Jones, 
1977; Lipschutz, 1965).  Gombert et al. (2001) found that by week 17 of their study, all cultivars 
were susceptible to Alternaria blight and bacterial leaf and flower spot.  It was also concluded by 
Gombert et al. (2001) that cultivar selection does not affect the incidence or severity of the three 




Scheduling is the most effective way to grow cut flowers.  Scheduling is the practice of 
planning operations of planting with the goal of producing a sequence of crops at the right stage 
of growth to meet production targets (Wurr et al., 2002).  Scheduling a crop, more specifically a 
particular cultivar, is obtained from past research for that cultivar.  Prediction of a climates 
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patterns allows growers to schedule crops for a consistent production.  Two factors affecting the 
growth and development of a plant are air temperature and photoperiod.  Growth is defined as 
the irreversible increase in weight, height, or volume of the plant cell, while development is the 
succession of phenological events during a plant’s life cycle (Squire, 1990; Hall, 2001; Wang, 
1960).  Scheduling has been studied in vegetable crops as well as some floriculture crops:  
broccoli (Tan et al. 2000), strawberries (Manakasem and Goodwin, 2001), peas (Katz, 1952), 
maize (Gilmore and Rogers, 1958; Cross and Zuber, 1972), Narcissus bulbs (Wurr et al. 2001), 
Dianthus (Wurr et al. 2000), and roses (Steininger et al, 2002; Burgess et al. 2000; Pasian and 
Lieth, 1994, 1996).   
Thermal units is a common method of studying growth and development.  Plant growth 
and development relies on accumulated temperature or thermal time (units) (Hodges, 1991).  It 
accounts for the sum of the maximum and minimum daily temperatures during a developmental 
stage, and a base temperature constant for a particular cultivar (Hall, 2001).   
Postharvest 
 
Prolonging cut flower vase life has been a concern among researchers.  Various studies 
have been conducted to determine how water and carbohydrates affect cut flower longevity: 
roses (Mayak et al., 2001), Delphinium (Ichimura et al., 2000), snapdragons (Ischimura and 
Hisamatsu, 1999), and Limonium (Doi and Reid, 1995).  The vase life of many cut flowers, are 
extended by providing a carbohydrate source, such as sucrose or glucose (van Doorn, 2001), to 
the vase solution.  This allows the cut flower to continue developing since it no longer can rely 
on photosynthesis. 
 Postharvest longevity can be defined by the number of days a flower remains in 
acceptable quality given adequate postharvest conditions.  The end of postharvest life can be 
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determined, depending on species, by petal abscission or petal wilt (van Doorn, 2001).  Halevy 
and Mayak, 1979 found many studies in which soluble sugar levels are still high in the petals of 
cut flowers even after wilting and that endogenous ethylene is a major factor in postharvest 
longevity.   
Postharvest studies are conducted by placing cut flowers in an environment with 
temperatures near 23 oC (73 oF), irradiance in the form of fluorescent lighting at approximately 
10 µmol m-2 s-1, and relative humidity about 70% (Ichimura and Suto, 1999).  This is different 
from storage conditions in which cut flowers would be placed in temperatures 2 to 4 oC (35 to 39 
oF) at 85 to 95% relative humidity (Stevens, 1998) and held until ready to be used. 
Objectives 
The objectives of this study were to: 
1)  Determine the number of days from planting to bud, bud to harvest, and yield of four field     
grown specialty cut flowers to help local growers plan market dates. 
2) Determine differences in the postharvest longevity of pollen-producing and pollenless 
cultivars of Helianthus annuus and determine differences in carbohydrate concentrations and 
starch content of harvested Helianthus inflorescence and their relation to postharvest 
longevity. 
3) Rate the incidence of disease for Zinnia elegans without the use of chemical management to 










CHAPTER 2  
MATERIALS AND METHODS 
 
  Jumbo (2 inch diameter) and No. 1 (1.5 to 2 inch diameter) grade corms of Gladiolus x 
hortulanus were planted from 20 February 2001 to 3 April 2001 and from 22 February 2002 to 4 
April 2002.  Seeds of Celosia, Helianthus, and Zinnia were sown in growing media (Scotts® 
Metro Mix 366, Scotts-Sierra Horticultural Products Co., Marysville, OH) in jumbo six packs.  
Seedlings were fertilized at 200 ppm nitrogen (N) of 20N-4.4P-16.6K water soluble fertilizer 
(Peters 20-10-20 PLS, Sierra Chemical Co., Milpitas, CA) beginning 1 week after emergence 
until transplanting.  Celosia argentea var. cristata and Zinnia elegans were planted from 16 
March 2001 to 21 May 2001 and from 8 March 2002 to 10 May 2002.  Helianthus annuus was 
planted from 9 March 2001 to 12 June 2001 and from 8 March 2002 to 10 May 2002.  The 
cultivars selected were based on those most preferred by growers on the Gulf Coast  
(D. Cummins personal communications).  All crops were grown in an open field at Burden 
Center, 30o N 91o W, Baton Rouge, Louisiana.  The growing plot consisted of an Olivier silt 
loam soil with 12 rows, 86.8m (285 ft.) long x 1.2m (4 ft.) wide x 30.4cm (12 inches) high.  Soil 
tests were taken and the pH (Table 2.1) was adjusted using pelletized dolomitic limestone 
(YardRight SelectSM, Southdown, Inc, Easton, PA) at a rate of 3,485 lbs/acre.  TheGranular 13-
13-13 fertilizer was incorporated at 43.5 lb N/acre.  Liquid fertilizer was applied at 200 ppm 
nitrogen (N) of 20N-4.4P-16.6K water soluble fertilizer (Peters 20-10-20 PLS, Sierra Chemical 
Co., Milpitas, CA).  Black plastic mulch (0.5 mil) was applied on rows for annuals and drip tape 
was used for supplemental irrigation.  Soil temperatures (Fig. 2.1) were recorded using a CR10X 
datalogger (Campbell Scientific, Inc.).  Thermocouplers (2 per planting) were placed six inches 
below the soil surface, 30.5 cm (12 inches) from the edge of the row, and 30 m (100 ft.) from the 
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ends of the row.  Photoperiod data for Baton Rouge, Louisiana (Fig. 2.2) was obtained from the 
U.S. Naval Observatory website (http://aa.usno.navy.mil/data/docs).  Air temperatures were 
obtained from the Louisiana Office of State Climatology, Ben Hur Station, Baton Rouge, 
Louisiana (Fig. 2.3).  Solar radiation was obtained from the L.S.U. Department of Biological and 
Agricultural Engineering using a CR23X datalogger (Campbell Scientific, Inc.) equipped with a 
pyranometer (LiCor Biosciences, Lincoln, NE) located at Burden Center, Baton Rouge, 
Louisiana (Fig. 2.4).  Different cultivars of each crop were planted for both growing seasons 
(Table 2.2). 
Table 2.1.  Soil pH in 2001 and 2002 prior to planting. 
Soil Sample pH 2001 pH 2002 
1 5.5 5.5 
2 5.6 5.2 
3 5.2 5.2 
4 5.4 6.5 
5 6.1 6.0 















































































































































































































































































































































Figure 2.4.  Seven-day mean solar radiation during the2001 and 2002 growing season. 
 
 
Table 2.2.  Crop cultivars evaluated. 
Gladiolus Celosia Helianthus Zinnia 
‘Deciso’ ‘Bombay Salmon’ ‘Full Sun’ ‘Radiant White’ 
‘Rose Supreme’ ‘Kurume Corona’ ‘Starburst Aura’ ‘Red Sun’ 
‘Peter Pears’ ‘Supercrest Burgundy’ ‘Valentine’ ‘Cactus Jewels Mix’ 
‘Victor Borge’ ‘Temple Belles Dark Rose’ ‘Ikarus’ ‘State Fair Mix’ 
‘Oscar’  ‘The Joker’ ‘Giant Dahlia Mix’ 
‘Tradershorn’  ‘Claret’  
‘Blue Isle’  ‘Soraya’  




 The scheduled planting dates in each experiment were the treatments.  Because each 
treatment was planted on a different date and the experiment was conducted in an open field, 
each set of transplants or corms for each plant species were planted in the same row.  The first 




 Gladiolus corms were obtained from Ball Seed Co., West Chicago, IL the first week of 
February and stored at 4.4 oC (40 oF) until planting.  Twenty-five corms of each cultivar were 
planted at 2-week intervals beginning 20 February and ending on 3 April, spaced 15.24 cm (6 
inches) apart and planted 10.16 cm (4 inches) deep.  Liquid fertilizer was applied 1 month after 
emergence at a rate of 200 ppm N and again at visible bud.  Bud date, harvest date, number of 
true leaves, and height, from ground to inflorescence tip, was recorded for each plant.  Bud date 
was recorded when buds first appeared and flowers were harvested when color was visible on 
three to five florets (Fig. 2.5).   
Transplants of Celosia, Helianthus and Zinnia were planted at approximately 3-week 
intervals beginning 3 April, 8 April and 14 April, respectively, through 20 June 2001.  
Transplants were grown from seed in a glass greenhouse with 26.6 to 29.4 oC (80 to 85 oF) days 
and 15.5 to 18.3 oC (60 to 65 oF) nights and transplanted 3 weeks after sowing.  Thirty 
transplants per planting date of each cultivar of Celosia and Zinnia were planted 31 cm and 23 
cm (12 and 9 inches) apart, respectively, and fertilized once a week.  Celosia was planted in a 
box pattern 31 cm across the row and 31 cm from the previous transplants toward the edges of 
the row and Zinnia was planted in a zig-zag pattern with 23 cm between transplants planted 
toward the edge of the row.  Twenty-eight transplants per planting of each cultivar of Helianthus 
were planted 15 cm (6 inches) apart and fertilized at 4 days, 2 weeks and 4 weeks after 
transplanting.  Date of flower formation was recorded for Celosia when color first appeared and 
terminal stems were harvested at full maturity (Fig. 2.6).  Full maturity being defined as fully 
developed flowers (Armitage, 1993).  Lower laterals were allowed to continue to mature and 
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harvested at full maturity.  Bud date for Helianthus and Zinnia were recorded when first visible 
bud appeared.   
Helianthus were harvested when ray petals began to expand (Fig. 2.7) called the “cup 
stage”.  Stems were immediately placed in postharvest treatment and monitored for longevity, 
the duration of acceptable flower quality after harvest.  Floralife® original fresh flower food 
powder (Floralife, Inc., Walterboro, S. C.) containing dextrose as a sugar source was used in the 
vase solution at a rate of 40 g/3.8 L (1.4 oz/gal) water.  Water was added to the solution as 
needed until inflorescences were considered unacceptable.  Inflorescences were stored at 24 oC 
(75 oF) with irradiance at 8µmol/m2/s provided by florescent lighting.  Lower laterals were 
allowed to mature and harvested at the same stage of maturity.   
Zinnia were harvested as the disc flower began to form pollen, the fully mature stage 
(Fig. 2.8).  Stem lengths of 31 cm and 46 cm (12 inches and 18 inches) were cut on fully mature 
plants to determine differences in yield for the two cut stem lengths. 
2002 
 
Twenty-five Gladiolus corms of each cultivar were planted at 2-week intervals beginning 
22 February and ending on 5 April 2002.  Date of emergence, bud date, harvest date, number of 
leaves, and height were recorded.  Fertilization was the same as for those in 2001. 
Celosia were transplanted at 3-week intervals beginning 14 April and ending on 7 June 
2002.  Helianthus and Zinnia were transplanted at 3-week intervals beginning 11 April through 3 
June 2002.  Transplants were grown from seed in a glass greenhouse with 26.6 – 29.4 oC (80 – 
85 oF) days and 15.5 – 18.3 oC (60 – 65 oF) night and transplanted 3 weeks after sowing.  For all 
plantings, date of bud and date of harvest were recorded.  All other data recorded and 
fertilization practices were the same as for plantings in 2001.   
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Figure 2.5.  Gladiolus with lower florets open       Figure 2.6.  Fully mature Celosia at harvest.   
at harvestable stage. 
 
         
Figure 2.7.  The harvestable “cup stage” of           Figure 2.8.  Fully mature Zinnia with anthers   
Helianthus.                                                             producing pollen. 
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In 2001 and 2002, the number of days to bud were determined from the day of sowing to 
visible bud.  The number of days from bud to harvest were the days from visible bud to 
harvestable flower stage for each crop.   
 The number of days to the incidence of disease and severity ratings were conducted on 
Zinnia.  The diseases present throughout the study were identified as Xanthomonas campestris 
pv. zinniae, causing bacterial leaf spot, Erysiphe cichoracearum, causing powdery mildew and 
Cercospora zinniae causing fungal leaf spot.  Severity ratings indicate the percent of leaves with 
the first sign of the incidence of disease, not the percent of the plant infected.  Transplants from 
plantings 1 and 2 were planted in a separate block from those used for the scheduling study.  The 
same cultural practices were used as previously described, but fungicides were not applied. 
Disease ratings were recorded every 14 d on a disease rating scale of 1 to 6 (Table 2.3).  
Infection was noted when leaf spots or mildew was visible.  Percent of infection was determined 
by: 
Total number of leaves infected     =   % infection 
                                         Total number of leaves present 
Table 2.3.  Disease rating scale for the percent of leaves infected for Zinnia. 
Rating Scale 







Carbohydrate analysis was conducted on the disk flower, ray petals, and sepals.  Three 
samples were obtained from each cultivar on the day of harvest, 4 d, 8 d and 12 d after harvest.  
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Samples were immediately placed in liquid nitrogen, frozen at –40 oC, and lyophilized.  Samples 
were ground through to 20 mesh screen.   
Fifty mg dry weight samples were transferred to disposable glass pipets filled with 1” of 
glass wool.  Pipets were fitted with tubing and clamps.  The ends of the tubes were placed in 
10ml centrifuge tubes for collection of extracts.  Soluble sugars were extracted and measured 
using the procedure described by Miller and Langhans (1989).  Tissue extractions were 
performed using 12 methanol: 5 chloroform: 3 water (MCW) over a 3-h period.  Sample 
carbohydrate analysis revealed Helianthus samples contained no mannitol and therefore mannitol 
was used as an internal standard.  One ml of MCW and 100µl mannitol were added to the tissue 
sample, stirred with a glass rod and washed with 0.5ml MCW.  The extractant was left for 1 h  
After 1 h, the clamps were opened and allowed to drain.  Samples were drained from pipets with 
compressed nitrogen.  Tubes were clamped and this procedure performed two more times 
without the 100µl mannitol for a total of 3 h.  Pipets were then washed with 1ml MCW, 0.5ml at 
a time.  Three ml double distilled deionized water was added to each cetrifuge tube.  Samples 
were centrifuged for 20 minutes.  The supernatant was filtered through poly prep plastic columns 
with Amberlite and IRA-67, acetate form and Dowex-50W, hydrogen form (Sigma-Adrich, St. 
Louis, MO) resins.  Columns were washed twice with 0.5ml methanol:water (1:1) to elute the 
supernatant.   
Samples were dried down using an EvapotechTM (Haake Buchler, NJ) with a refrigerated 
condensation trap RT100 (Savant Ins. NY) to concentrate the sugars.  Samples were resuspended 
using 2ml HPLC-grade water.  The liquid was filtered through 0.45µm membrane fitted on a 
13mm plastic swinney filter holder (Pall, Gelman Laboratories, Ann Arbor, MI).  Samples were 
injected into a Waters HPLC system using 75:25 acetonitrile HPLC-grade water as the mobile 
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phase at a rate of 1.0ml-1.  Soluble sugars were separated on Supelcosil (#58338) 25cm x 4.6mm 
1D LC-NH2 5µm (Supelco Inc., Bellefonte, PA 16823) maintained at 30 
oC using a column 
heater.  Sugars were detected by refractive index.  Specific carbohydrates were determined on 
the comparison of retention times to those of D-sugars. 
 Starches were determined from dried sample residue remaining from carbohydrate 
extractions.  Na-acetate buffer was prepared using 2.78 g Na-acetate 3H2O dissolved in 800ml 
water.  The pH of the buffer was lowered to 4.2 using 1N acetic acid and water added to a final 
volume of 1000 ml.  Four ml of Na-acetate buffer was added to each dried sample and placed in 
a boiling water bath for 30 minutes.  Samples were agitated until all clumps were dispersed.  
Samples were cooled to room temperature and 1 ml of amyloglucosidase solution (50 units/ml in 
0.1 M Na-acetate buffer) was added to each sample.  Samples were stirred and incubated in a 
water bath at 50 oC for 48 h with occasional stirring.  After 48 h, samples were allowed to settle 
for 24 h. 
 Five ml of ice-cold glucose oxidase solution (25 units glucose oxidase (Sigma product 
#G6125), 5 units peroxidase (Sigma product #P8125), and 0.2 mg o-dianisidine (Sigma product 
#510-50) in 0.1 M pH 6.0 Na-Phosphate buffer (Fisher Dibasic Anhydrous #S374-500; 
Monobasic #S369-500) was added to a 200 µl aliquot of sample.  The samples were incubated in 
a water bath at 100 oC for 30 minutes.  After 30 minutes, 1 ml 2.2 N HCl was added to each 
sample to stop the reaction and stabilize the colored product.  Glucose standards were used to 
determine actual concentrations of glucose.  Absorbance was measured at 450 nm on a Beckman 
DU-65 spectrometer (Beckman Instruments, Fullerton, CA 92634).  All data was analyzed using 
PROC GLM and means were separated using Tukey’s studentized test (SAS, Cary, NC). 
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CHAPTER 3  
RESULTS AND DISCUSSION 
 
GLADIOLUS X HORTULANUS 
  
The mean number of days to emergence decreased for all gladiolus cultivars, the later the 
planting date in 2001 and 2002 (Table 3.1).  In 2001, no differences were found between the first 
and second plantings of ‘Deciso’, ‘Peter Pears’, and ‘Victor Borge’, the second and third 
plantings of ‘Rose Supreme’ and ‘Blue Isle’, and the third and fourth plantings of ‘Deciso’.  In 
2002, there were differences for all four plantings of ‘Deciso’, Rose Supreme’, ‘Peter Pears’, and 
‘Oscar’ but no differences were found between the third and fourth plantings of ‘Victor Borge’, 
‘Tradershorn’, and ‘Blue Isle’.  In 2001 the number of days to emergence between the first and 
fourth planting decreased by an average of > 6 d and in 2002 by > 13 d.  The differences in the 
number of days varied among cultivars.  For example, in 2001, there were as few as 6 d 
difference for ‘Deciso’ and as many as 10 d for ‘Oscar’.  In 2002, the smallest difference was  
13 d for ‘Blue Isle’ and the greatest was 18 d for ‘Rose Supreme’.  Hanks et al. (2001) found 
Narcissus bulbs grown in the field had fewer days to emergence due to pre-cooling bulbs and 
applying mulch, which increased soil temperatures during cool air temperatures.  Gladiolus in 
this study were not grown under mulch, but this indicates that as soil temperatures increased for 
the later planting dates (Fig. 2.1), days to emergence decreased.   
The number of days to emergence between 2001 and 2002 for each cultivar varied by 
planting date (Table 3.2).  ‘Tradershorn’ had an average of 3.5 d more to emergence in 2002 for 
all four plantings.  Days to emergence were greater in 2002 for the first planting for all cultivars.  
For the second planting, days to emergence were greater in 2002 for ‘Rose Supreme’ by 2.4 d 
and greater in 2001 for ‘Victor Borge’ and ‘Blue Isle’ by 2.1 and 2.4 d, respectively.  Days to 
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emergence in the third planting were greater in 2001 for ‘Rose Supreme’, ‘Peter Pears’, and 
‘Victor Borge’, while the fourth planting was greater in 2001 for ‘Deciso’, and greater in 2002 
for ‘Oscar’ and ‘Blue Isle’.  Espinosa et al., (1991) found Liatris spicata corms planted at 20, 25, 
and 30 oC sprouted faster than those at 10 and 15 oC.  The only trend found between 2001 and 
2002 was for the first planting in which the number of days to emergence was greater in 2002 for 
all cultivars.  Soil temperatures were 8 to 9 oC warmer in 2001 (approximately 19 oC) than in 
2002 (10 oC) for the first two weeks after the first planting.  This temperature differential 
indicates that warmer soil temperatures may have decreased the number of days to emergence in 
2001 for the first planting. 
Table 3.1.  Mean number of days to emergence in 2001 and 2002 for seven cultivars and four 
plantings of Gladiolus.  2001/2002 planting dates: 1 – 20 Feb./22 Feb., 2 – 6 Mar./7 Mar., 3 – 20 













2001        
1 22.7a 21.5a 24.7a 23.5a 25.0a 24.3a 22.3a 
2 24.6a 18.2b 24.3a 23.6a   21.2ab 21.1b 25.8b 
3 19.0b 16.4b 20.7b 20.7b 19.9b 16.7c 20.6b 
4 16.6b 12.2c 15.7c 15.2c 14.4c 13.6d 14.9c 
2002        
1 31.5a 29.7a 31.3a 30.3a 34.2a 33.8a 32.0a 
2 22.6b 20.6b 24.2b 21.5b 23.3b 26.9b 23.4b 
3 19.5c 14.6c 18.9c 16.1c 19.8c 20.3c 18.6c 
4 13.8d 11.5d 16.2d 15.5c 16.4d 18.4c 18.3c 
            Mean separation by cultivar for planting date with Tukey’s studentized range at P < 0.05, N=25. 
            Means within a cultivar with the same letter are not significantly different by year.  
 
 Significant differences in the number of days from emergence to bud could not be 
determined for 2001 because date of emergence was not recorded for each plant but instead for 
the number emerging for each cultivar (Table 3.3).  The number of days from emergence to bud 
for 2001 decreased the later the planting date.  There were few differences in days from 
emergence to bud between the planting dates in 2002.  For many of the differences indicated in 
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2002, the number of days from emergence to bud was greater at later planting dates.  For 
example, plantings three and four of ‘Rose Supreme’ and ‘Tradershorn’, the third planting of 
‘Oscar’, and the fourth planting of ‘Victor Borge’ and ‘Blue Isle’ had the greatest days from 
emergence to bud (Table 3.3).  No differences were found for ‘Deciso’ and ‘Peter Pears’ in 2002. 
The mean number of days from bud to harvest were greatest for the third planting of 
‘Rose Supreme’ (10.9 d) and ‘Oscar’ (9.8 d), and the third and fourth planting of ‘Victor Borge’ 
(9.5 and 10.5 d, respectively) in 2001 (Table 3.4).  No differences were found for ‘Peter Pears’, 
‘Tradershorn’, and ‘Blue Isle’ in 2001, while in 2002, no differences were found for ‘Victor 
Borge’ and ‘Oscar’ (Table 3.4).  There were few differences in days from bud to harvest between 
planting dates in 2002, which is similar to the lack of effect planting date had on emergence to 
bud.   
The mean number of days from bud to harvest were less in 2002 for the first (1.1 d) and 
fourth (1.8 d) plantings of ‘Deciso’, the third planting of ‘Rose Supreme’ (2.5 d), the first 
planting of ‘Peter Pears’ (1.6 d), and the second (0.9 d), third (2.8 d), and fourth (3.3 d) plantings 
of ‘Tradershorn’ (Table 3.5).  Days to bud were significantly less in 2001 for the second planting 
of ‘Peter Pears’ (1.9 d) and ‘Victor Borge’ (2.0 d), and the first and second plantings of ‘Oscar’ 
(0.6 and 0.7 d) and ‘Blue Isle’ (1.3 and 1.7 d).  In 2001 and 2002, there were no similar trends 
among cultivars, but where differences did occur, there were only 1 to 3 d difference in the 
number of days from bud to harvest.  In cut flower production, these small differences would not 
be a factor in cultivar selection or in scheduling market dates. Thus the number of days from 
emergence to bud and bud to harvest appear to be insignificant to scheduling of gladiolus. 
During the two year study, the number of days from planting to harvest decreased, the 
later the planting date for most cultivars.  
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Table 3.2.  Mean number of days to emergence between 2001 and 2002 for seven cultivars and four plantings of Gladiolus.  





‘Peter Pears’ ‘Victor Borge’ ‘Oscar’ ‘Tradershorn’ ‘Blue Isle’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 22.7b 31.5a 21.5b 29.7a 24.7b 31.3a 23.5b 30.3a 25.0b 34.2a 24.3b 33.8a 22.3b 32.0a 
2 24.6a 22.6a 18.2b 20.6a 24.3a 24.2a 23.6a 21.5b 21.2a 23.3a 21.1b 26.9a 25.8a 23.4b 
3 19.0a 19.5a 16.4a 14.6b 20.7a 18.9b 20.7a 16.1b 19.9a 19.8a 16.7b 20.3a 20.6a 18.6a 
4 16.6a 13.8b 12.2a 11.5a 15.7a 16.2a 15.2a 15.5a 14.4b 16.4a 13.6b 18.4a 14.9b 18.3a 
Mean separation by cultivar year with Tukey’s studentized range at P < 0.05, N=25. 











Table 3.3.  Mean number of days from emergence to bud in 2001 and 2002 for seven cultivars 
and four plantings of Gladiolus.  2001/2002 planting dates: 1 – 20 Feb./22 Feb., 2 – 6 Mar./7 









‘Oscar’ ‘Tradershorn’ ‘Blue 
Isle’ 
2001        
1 55.9 69.7 58.2 61.5 66.2 54.7 59.8 
2 48.8 65.6 53.1 52.2 57.3 46.7 58.7 
3 46.9 60.8 51.6 50.6 67.5 44.9 58.2 
4 43.6 57.6 51.3 48.3 55.4 40.4 52.3 
2002        
1 63.4a  60.1ab 46.1a 49.9b    54.8ab    53.4ab  48.0b 
2 60.8a 58.8b 44.0a 48.7b    56.8ab  48.9b  42.6c 
3 65.0a 63.6a 42.2a 51.1b    58.7a  54.6a  41.6c 
4 63.5a 63.5a 42.3a 61.1a    54.1b  57.8a  53.4a 
            Mean separation by cultivar for planting date with Tukey’s studentized range at P < 0.05, N=25. 
Means within a cultivar with the same letter are not significantly different by year. 
 
Table 3.4.  Mean number of days from bud to harvest in 2001 and 2002 for seven cultivars and 
four plantings of Gladiolus.  2001/2002 planting dates: 1 – 20 Feb./22 Feb., 2 – 6 Mar./7 Mar., 3 









‘Oscar’ ‘Tradershorn’ ‘Blue 
Isle’ 
2001        
1   8.7ab 8.4b 9.3a 8.2b 7.8b 10.2a 8.1a 
2 7.4b   8.8ab 8.4a 7.1b 7.5b          9.3a 8.2a 
3 7.5b      10.9a 9.2a 9.5a 9.8a 10.2a 9.9a 
4 9.5a 8.3b 9.6a   10.5a 7.3b 10.2a 9.6a 
2002        
1   7.6ab 9.5a  7.7b 8.4a 8.6a         9.8a   9.4ab 
2 8.3a 9.4a     10.3a 9.1a 8.3a 8.4ab   9.9ab 
3 6.7b 8.4a    9.1ab 9.5a 8.0a 7.4ab   10.2a 
4   7.7ab 7.1b    8.8ab 8.5a 8.4a         6.9b 8.1b 
            Mean separation by cultivar for planting date with Tukey’s studentized range at P < 0.05, N=25. 
            Means within a cultivar with the same letter are not significantly different year. 
 
 ‘Tradershorn’ (Fig. 3.1) is an example of a cultivar in which this trend occurred.  The 
period from planting to emergence had the greatest affect on difference over time, while the 
number of days from emergence to bud and bud to harvest were not as great.  In 2001, the 
difference in the number of days from start to harvest between the first and fourth planting for 
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‘Tradershorn’ was 25 d and in 2002 the difference between the first and fourth planting was 14 d.  
The cultivar ‘Victor Borge’ (Fig. 3.2) had a similar trend to ‘Tradershorn’ in 2001, but in 2002, 
the fewest days to harvest was for the second and third plantings.  There were fewer significant 
differences from the date of planting to harvest between the first and third planting, which had 
the fewest days to harvest.  In 2001, the difference between the first and fourth planting was 19 d 
while in 2002 the difference between the first and third was 12 d.  The number of days from 
planting to emergence was the developmental stage with the greatest differences which indicated 
that days to emergence had the greatest impact on planting date as indicated by ‘Tradershorn’ 
and ‘Victor Borge’ (Fig. 3.1 and 3.2).  Halevy (1985) and Shillo and Halevy (1976b) found 
gladiolus flowered more rapidly under warm temperatures regardless of photoperiod.  This 
indicates that the number of days to harvest will be less under warm temperatures (Fig. 2.3).  
Thus for scheduling gladiolus plantings, the most important factor is days to emergence.  When 
growing gladiolus in the field, plantings started around February 20 would take 90 to 100 d to 
harvest, while those started around April 4 will take 65 to 80 d to harvest. 
The greatest differences in stalk length between cultivars occurred for plantings in 2001 
(Table 3.6).  In 2001, stalk lengths were as great as 34cm shorter the later the planting date for all 
cultivars except ‘Deciso’ and ‘Tradershorn’. ‘Tradershorn’ had shorter stalk lengths the earlier 
the planting date.  There were no differences in stalk length for ‘Deciso’, ‘Rose Supreme’, and 
‘Tradershorn’ in 2002 regardless of planting date.  Earlier the planting dates generally resulted in 
shorter stalk lengths for ‘Oscar’ and ‘Victor Borge’.  There were differences in the mean stalk 
length for all cultivars between 2001 and 2002 (Table 3.7).  Mean stalk lengths were greater for 
all plantings in 2002 for ‘Deciso’ (average of 28 cm) and ‘Blue Isle’ (average of 23 cm).   
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Table 3.5. Mean number of days from bud to harvest between 2001 and 2002 for seven cultivars and four plantings of Gladiolus.  





‘Peter Pears’ ‘Victor Borge’ ‘Oscar’ ‘Tradershorn’ ‘Blue Isle’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 8.7a 7.6b 8.4a 9.5a 9.3a 7.7b 8.2a 8.4a 7.8b 8.6a 10.2a 9.8a 8.1b 9.4a 
2 7.4a 8.3a 8.8a 9.4a 8.4b 10.3a 7.1b 9.1a 7.5b 8.3a 9.3a 8.4b 8.2b 9.9a 
3 7.5a 6.7a 10.9a 8.4b 9.2a 9.1a 9.5a 9.5a 9.8a 8.0a 10.2a 7.4b 9.9a 10.2a 
4 9.5a 7.7b 8.3a 7.1a 9.6a 8.8a 10.5a 8.5a 7.3a 8.4a 10.2a 6.9b 9.6a 8.1a 
Mean separation by cultivar year with Tukey’s studentized range at P < 0.05, N=25. 

































































































































































































Table 3.6.  Mean stalk length (cm) in 2001 and 2002 for seven cultivars and four plantings of 
Gladiolus. 2001/2002 planting dates: 1 – 20 Feb./22 Feb., 2 – 6 Mar./7 Mar., 3 – 20 









‘Oscar’ ‘Tradershorn’ ‘Blue 
Isle’ 
2001        
1   93ab   107ab  100a     106a   111a 90c  86a 
2   89ab 116a 98ab    105ab   104a 97b  82a 
3 86b      98b  100a     108a    95ab           98b  85a 
4 94a      74c   89b     94b    77b  105a  72b 
2002        
1 113a 107a   83b 91b 106b  101a  97b 
2 117a 106a  85ab  111a 114a  104a  111a 
3 121a 114a   97a  113a 116a           98a 107ab 
4 122a 116a 88ab  119a   109ab           97a 100ab 
         Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=25. 
         Means within a cultivar with the same letter are not significantly different by year. 
 
Stalk length differences were greater in 2001 for the earlier the planting date for ‘Peter Pears’ 
and ‘Victor Borge’, but greater in 2002 for ‘Tradershorn’.  No differences were found for the 
first planting of ‘Rose Supreme’ and ‘Oscar’ but stalk lengths were greater in 2001 for the 
second planting of ‘Rose Supreme’ and greater in 2002 for the third and fourth plantings.  Stalk 
lengths were greater in 2002 for the second, third, and fourth plantings of ‘Oscar’.  No similar 
trends were established for differences in stalk length in 2001 or 2002, or between 2001 and 
2002 (Table 3.7).  Scheduled planting dates in this study do not appear to affect stalk length in a 
manner that would be a concern for production.  It is interesting to note that although the number 
of days to harvest decreased the later the planting date, stalk length was not affected.  This is due 
to longer daylengths and warmer temperatures causing plants to mature in a shorter time.  Under 
long daylengths, the amount of daylight and temperature the plants were exposed to was greater 
than under short daylengths, thereby allowing plants to develop in a shorter time. Gladiolus 
yielded 2 to 3 cut stems per corm for all planting dates, therefore, no yield data on gladiolus was 
used.
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Table 3.7.  Mean stalk length (cm) between 2001 and 2002 for seven cultivars and four plantings of Gladiolus.  2001/2002 planting 





‘Peter Pears’ ‘Victor Borge’ ‘Oscar’ ‘Tradershorn’ ‘Blue Isle’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 92b 113a 107a 107a 100a 83b 106a 111b 111a 106a   90b 101a 86b   97a 
2 90b 117a 116a 106b   98a 85b 106a 111b 104b 114a   97b 104a 82b 111a 
3 86b 121a   98b 113a 100a 97a 108a 113a   95b 116a   98a   98a 85b 107a 
4 93b 122a   74b 116a   89a 88a   94b 119a   77b 109a 105a   99a 72b 100a 
Mean separation by cultivar year with Tukey’s studentized range at P < 0.05, N=25. 
            Means within a cultivar with the same letter are not significantly different by planting number. 
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CELOSIA ARGENTEA VAR. CRISTATA 
 
The mean number of days to terminal inflorescence formation (showing color) decreased 
for the later the planting date for ‘Bombay Salmon’ and ‘Kurume Corona’ in 2001 (Table 3.8).  
‘Temple Belles Dark Rose’ and ‘Supercrest Burgundy’ had the greatest number of days to 
terminal inflorescence formation for the third planting.  No data is available for the second 
planting in 2001 due to seedling loss.  In 2002, the number of days to terminal inflorescence 
formation was different for all four cultivars (Table 3.8).  The greatest number of days to 
terminal inflorescence formation occurred during the first planting (average of 43 d), followed by 
the fourth planting (average of 38 d) for all cultivars.  The fewest days to terminal inflorescence 
formation was for the third planting (average of 24 d).  There was no trend in 2001 or 2002, 
however, that would indicate that planting date is important to terminal inflorescence formation.  
Piringer and Borthwick (1961) found the period to inflorescence color was shorter with 
photoperiods under 14 h, but no differences were found between 8 and 14 h.  Although all 
plantings in this study occurred at a photoperiod of 14 h or less, differences were found for all 
planting dates in 2002, which were not similar to those found by Piringer and Borthwick (1961). 
The mean number of days to terminal inflorescence formation between 2001 and 2002 was 
greater in 2002 the earlier the planting date for ‘Bombay Salmon’, ‘Temple Belles Dark Rose’, 
and ‘Kurume Corona’ (Table 3.9), but greater in 2001 for all cultivars for the third planting.  
Decreased solar radiation caused by tropical storm Allison (Fig. 2.4) in 2001 may have caused 
the increase in days to terminal inflorescence formation from 2002 for the third planting.  
The number of days from terminal inflorescence formation to harvest was greater for 
earlier planting dates for all cultivars in 2001, however, harvesting for this planting was done 
after full maturity. 
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Table 3.8.  Mean number of days to terminal inflorescence formation for 2001 and 2002 for four 
cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 
Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 








2001     
1 37.6a 43.1b 44.6a 43.9b 
2 - - - - 
3 34.2b 47.1a 45.2a 49.2a 
4 35.0b 43.9b 40.7b 42.9b 
2002     
1 40.4a 46.0a 49.0a 35.7a 
2 26.4c 30.6c 33.8c 24.4c 
3 22.8d 25.4d 28.3d 18.8d 
4 34.5b 42.9b 42.7b 33.1b 
         Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
         Means within a cultivar with the same letter are not significantly different by year.  
 
Table 3.9.  Mean number of days to terminal inflorescence formation between 2001 and 2002 for 
four cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 
Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 
Planting 
Number 






 2001 2002 2001 2002 2001 2002 2001 2002 
1 37.6b 40.4a 43.1b 46.0a 44.6b 49.0a 43.9a 35.7b 
2 - - - - - - - - 
3 34.2a 22.8b 47.1a 25.4b 45.2a 28.3b 49.2a 18.8b 
4 35.0a 34.5a 43.9a 42.9a 40.7b 42.7a 42.9a 33.1b 
   Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
   Means within a cultivar with the same letter are not significantly different by planting number. 
 
In 2002, the first planting of ‘Bombay Salmon’,  ‘Temple Belles Dark Rose’, and ‘Supercrest 
Burgundy’ had fewer days from terminal inflorescence formation to harvest from the second and 
third planting (Table 3.10).  The greatest number of days from terminal inflorescence formation 
to harvest occurred for the third planting for all four cultivars in 2002.  In 2001, the number of 
days from terminal inflorescence formation to harvest decreased for the later planting date, while 
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in 2002 the number of days from terminal inflorescence formation to harvest increased from the 
first to the third planting then decreased for the fourth planting (Table 3.10).   
 
Table 3.10.  Mean number of days from terminal inflorescence formation to harvest for 2001 and 
2002 for four cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 
Mar., 2 – 8 Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 








2001     
1 37.4a 45.0a 42.7a 43.1a 
2 - - - - 
3 33.8b 25.9b 23.5b 24.5b 
4 24.1c 19.6c 22.1b 22.5b 
2002     
1 29.3c 24.2c 27.2b 31.5c 
2 35.6b 31.4b 28.2b 37.7b 
3 41.0a 36.0a 37.4a 41.0a 
4 35.2b   28.0bc 28.9b 32.1c 
      Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
Means with a cultivar with the same letter are not significantly different by year. 
There were fewer number of days from terminal inflorescence formation to harvest in 2002 for 
‘Temple Belles Dark Rose’, ‘Kurume Corona’, and ‘Supercrest Burgundy’, for the first planting 
(Table 3.11).  The number of days from terminal inflorescence formation to harvest was less in 
2001 for the third and fourth plantings of ‘Temple Belles Dark Rose’, ‘Kurume Corona’, and 
‘Supercrest Burgundy’ (Table 3.11).  Celosia is classified as a quantitative short day plant 
(Driss-Ecole, 1977; Piringer and Borthwick,1961).  The increase in the number of days from 
terminal inflorescence formation to harvest occurring in 2001 (Table 3.10) under short 
daylengths (Fig. 2.2) may have been due to lower air temperatures 12-15 oC from 6 March to 27 




Table 3.11.  Mean number of days from terminal inflorescence formation to harvest between 
2001 and 2002 for four cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 
Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 








 2001 2002 2001 2002 2001 2002 2001 2002 
1 24.1b 35.2a 45.0a 24.2b 42.7a 27.2b 43.1a 31.5b 
2 - - - - - - - - 
3 33.8b 41.0a 25.9b 36.0a 23.5b 37.4a 24.5b 41.0a 
4 37.4a 29.3b 19.6b 28.0a 22.7b 28.9a 22.5b 32.1a 
      Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by planting number. 
 
‘Temple Belles Dark Rose’ and ‘Kurume Corona’ were the only two cultivars producing 
laterals.  The number of days to lateral formation was less the later the planting date in 2001 for 
both cultivars (Table 3.12).  In 2002, there were no differences in the first and fourth planting of 
‘Temple Belles Dark Rose’, which had the greatest days to lateral formation (39.7 and 38.1 d, 
respectively), and the second planting had the fewest days (26.9 d) to lateral formation.  All four 
plantings were significantly different for ‘Kurume Corona’ in 2002.  The first planting had the 
greatest number of days to lateral formation (41.7 d), while the third planting took the fewest 
(27.9 d).  No differences were found between 2001 and 2002 for the first planting of ‘Temple 
Belles Dark Rose’ and ‘Kurume Corona’ (Table 3.13).  The number of days to lateral formation 
was greater in 2001 for the third planting of both cultivars.  There were no differences for the 
fourth planting of ‘Temple Belles Dark Rose’, but the number of days to lateral formation was 
greater in 2002 for the fourth planting of ‘Kurume Corona’.  Piringer and Borthwick (1961) 
found a tendency for fewer days to lateral formation (branching) under short daylengths at 
temperatures near 21 oC (70 oC).  In this study, however, days to lateral formation (branching) 
were greater for earlier plantings except for the fourth planting of ‘Temple Belles Dark Rose’ in 
2002.  Solar radiation was similar in both 2001 and 2002 (Fig. 2.4) during the time of lateral 
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formation for the first planting, but temperatures were different between years (Fig. 2.3).  This 
may indicate that under short daylengths, lateral formation may take longer when temperatures 
are cool, while under long daylengths, warm temperatures hasten lateral formation. 
Table 3.12.  Mean number of days to lateral formation for 2001 and 2002 for two cultivars and 
four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6 
May/19 Apr., 4 – 21 May/10 May. 
Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
2001   
1 44.1a 41.9a 
2 - - 
3 39.3b 39.6a 
4 38.5b 34.8b 
2002   
1 39.7a 41.7a 
2 26.9c 30.0c 
3 30.4b 27.9d 
4 38.1a 37.5b 
     Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
     Means within a culitvar with the same letter are not significantly different by year. 
 
The mean number of days from lateral formation to lateral harvest was greatest for the 
first planting (47 and 49 d) and less for the third planting (39 and 38 d) of ‘Temple Belles Dark 
Rose’ and ‘Kurume Corona’, respectively, in 2001 (Table 3.14).   
Table 3.13.  Mean number of days to lateral formation between 2001 and 2002 for two cultivars 
and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 
3 – 6 May/19 Apr., 4 – 21 May/10 May. 
Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
 2001 2002 2001 2002 
1 44.1a 39.7a 41.9a 41.7a 
2 - - - - 
3 39.3a 30.4b 39.6a 27.9b 
4 38.5a 38.1a 34.8b 37.5a 
      Mean separation by cultivar for year with Tukeys’s Studentized Range P < 0.05, N=30. 
      Mean within a cultivar with the same letter are not significantly different by planting number. 
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The differences were 8 d and 11 d for ‘Temple Belles Dark Rose’ and ‘Kurume Corona’, 
respectively.  In 2002, the third planting had the greatest number of days from lateral formation 
to lateral harvest (57 and 58 d) for ‘Temple Belles Dark Rose’ and ‘Kurume Corona’, 
respectively, and the fourth planting of ‘Temple Belles Dark Rose’ had the fewest (44 d).   
Table 3.14. Mean number of day from lateral formation to harvest for 2001 and 2002 for two 
cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 
Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 
Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
2001   
1 46.9a 49.1a 
2 - - 
3 38.7b 38.4c 
4   42.6ab 45.3b 
2002   
1 48.3b 46.3b 
2 50.1b 46.6b 
3 56.7a 58.0a 
4 44.0c 44.6b 
      Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
Means within a cultivar with the same letter are not significantly different by year. 
 
The number of days from lateral formation to lateral harvest were greater in 2002 than in 2001 
for the third planting for both cultivars (Table 3.15).  In 2001, solar radiation decreased during 
the time of lateral formation to lateral harvest the weeks of 31 May and 7 June, which could 
explain these differences.  Therefore, a grower can expect varying days to lateral formation and 
from lateral formation to harvest throughout the growing season, but this should not affect 
scheduling regardless of photoperiod. 
The mean number of laterals harvested varied by planting date (Table 3.16).  In 2002, no 
differences were found for the mean number of laterals harvested for either of the cultivars 
(Table 3.16).  Few differences in the mean number of laterals harvested occurred between 2001 
and 2002 (Table 3.17).   
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Table 3.15.  Mean number of days from lateral formation to harvest between 2001 and 2002 for 
two cultivars and four plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 
Apr./3 Apr., 3 – 6 May/19 Apr., 4 – 21 May/10 May. 
Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
 2001 2002 2001 2002 
1 46.9a 48.3a 49.1a 46.3b 
2 - - - - 
3 38.7b 56.7a 38.4b 58.0a 
4 42.6a 44.0a 45.3a 44.6a 
      Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by planting date. 
 
Table 3.16.  Mean number of laterals for 2001 and 2002 for two cultivars and four plantings of 
Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6 May/19 Apr., 4 
– 21 May/10 May. 
            Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
2001   
1 3.8b  6.4ab 
2 - - 
3   5.3ab 4.5b 
4 7.3a 7.7a 
2002   
1 8.2a 6.4a 
2 6.9a 8.2a 
3 6.3a 6.7a 
4 6.8a 7.8a 
      Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by year. 
 
 Where differences did occur, fewer laterals were harvested in 2001 for the first planting of 
‘Temple Belles Dark Rose’ and the second planting of ‘Kurume Corona’.  Piringer and 
Borthwick (1961) found more laterals produced under short daylengths.  In this study, however, 
no trend within or between years for the number of laterals harvested could be established and 
few differences were found.     
The earlier the planting date, the shorter the stalk length for all cultivars in 2001 and 2002 
(Table 3.18).   
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Table 3.17.  Mean number of laterals between 2001 and 2002 for two cultivars and four   
plantings of Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6  
May/19 Apr., 4 – 21 May/10 May. 
Planting Number ‘Temple Belles Dark Rose’ ‘Kurume Corona’ 
 2001 2002 2001 2002 
1 3.8b 8.2a 6.4a 6.4a 
2 - - - - 
3 5.3a 6.3a 4.5b 6.7a 
4 7.3a 6.8a 7.7a 7.8a 
      Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by planting number. 
 
Piringer and Borthwick (1961) found similar results for all cultivars used in their study, long 
photoperiods produced the greatest stalk lengths.  Mean stalk length was greater in 2001 for the 
third planting of ‘Temple Belles Dark Rose’ (101 cm) (39.9 inches) and ‘Kurume Corona’ (100 
cm) (39.5 inches) (Table 3.18).  Mean stalk length between 2001 and 2002 was greater in 2002 
for the fourth planting of  ‘Temple Belles Dark Rose’, ‘Kurume Cornona’, and ‘Supercrest 
Burgundy’ (Table 3.19).  This study indicates that Celosia, being a quantitative short day plant, 
will develop longer stalk lengths under long daylengths due to delayed harvest maturity.   
The number of days to terminal stem harvest decreased for Celosia for the later planting 
date in 2001, but was greater for the first and fourth plantings in 2002.  Two examples in which 
this occurred are a branching cultivar ‘Temple Belles Dark Rose’ and a single-stem cultivar 
‘Supercrest Burgundy’ (Fig. 3.8 and 3.9, respectively).  For both cultivars in 2001, few 
differences in the number of days to terminal inflorescence formation were found, but greater 
differences were found for the number of days from terminal inflorescence formation to harvest 
(Table 3.8 and 3.10, respectively).  There were greater differences between planting dates for the 
number of days from planting to harvest in 2001 (Fig. 3.3 and 3.4).   
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Table 3.18.  Mean stem length (cm) for 2001 and 2002 for four plantings and four cultivars of 
Celosia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6  May/19 Apr., 4 











2001     
1 41b            58c            68c 64b 
2 - - - - 
3 45b 101a 100a 72a 
4 58a            85b            91b 71a 
2002     
1 34c 61b            74b 62c 
2 44b 63b            78b 76b 
3 48b 67b            79b 76b 
4 59a 99a 105a 90a 
      Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by year. 
 
Table 3.19.  Mean stem length (cm) between 2001 and 2002 for four plantings and four cultivars 
of Celosia. 2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 – 6  May/19 Apr., 











 2001 2002 2001 2002 2001 2002 2001 2002 
1 41a 34b   58a 61a   68b   74a 64a 62a 
2 - - - - - - - - 
3 45a 48a 101a 67b 100a   79b 72a 76a 
4 58a 59a   85b 99a   91b 105a 71b 90a 
      Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
      Means within a cultivar with the same letter are not significantly different by planting number. 
 
In 2002, the number of days to terminal inflorescence formation was greater for the first and 
fourth planting, but the days from terminal inflorescence formation to harvest was less.  There 
was a 25-d difference in days to harvest between the first and fourth planting of ‘Temple Belles 
Dark Rose’ and only 10 d difference between the third and fourth plantings in 2001.  For 
‘Supercrest Burgundy’, there was 23 d difference between the first and fourth plantings in 2001 
and only 13 d between the first and third plantings.  Under short daylengths (12 to 13 h), the days 
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to harvest ranged from 66 to 88 d, and under long daylengths of 14 h, the days to harvest ranged 
from 63 to 71 d.  Driss-Ecole (1977) found that seedlings placed under 8 to 12 h photoperiods 
initiated flowering in 40 d and those placed under 16 h photoperiods initiated flowering in 60 to 
70 days, however, no temperature data was available for this study.  Dietz (1976) recommends 
for scheduling of Celosia, a total time to harvest of 9 weeks (63 d) at 17 oC and 10 weeks (70 d) 
at 12 oC night temperature. Our study indicated temperatures were cooler the earlier the planting 
date in 2001 and 2002.  Thus temperature, more than photoperiod, affects days to harvest.      
HELIANTHUS ANNUUS 
 
 Differences in the mean number of days to bud varied between plantings and among 
cultivars (Table 3.20).  The mean number of days to bud for ‘Ikarus’ was less the later the 
planting date in 2001.  The third planting had the greatest days to bud for the remaining cultivars 
(as great as 57 d) and the least days to bud was for the fourth planting for all cultivars (as low as 
30 d).  In 2002 the number of days to bud were less the later the planting date for ‘Valentine’, 
and ‘Joker’, while ‘Soraya’ and ‘Sunbright’ had fewer number of days to bud the earlier the 
planting date (Table 3.20).  Differences between 2001 and 2002 varied between planting dates, 
but days to bud were greater in 2001 for the third planting for all cultivars.  Solar radiation for 
the weeks of 31 May and 7 June (Fig. 2.4) were much lower than normal due to tropical storm 
Allison.  This may have caused an increase in the number of days to bud in 2001 for the third 
planting (Table 3.21).   
 The number of days from bud to harvest in 2001 were less the earlier the planting date for 
‘Valentine’, ‘Full Sun’, and ‘Sunbright’ (Table 3.22).  There were no differences between 
planting dates for ‘Soraya’, ‘Ikarus’, and ‘Claret’ in 2001.  The number of days from bud to 



























































































































































































Table 3.20.  Mean number of days to bud for 2001 and 2002 for seven cultivars and four 
plantings of Helianthus.  2001/2002 planting dates: 1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 22 
Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 





2001        
1 42.0b 43.9b 49.7a 46.9b 46.6a 46.8ab 43.8b 
2 36.6c - 42.5b 42.8b 37.0b  44.9b - 
3 49.8a 57.4a 44.8b 54.9a 46.4a  48.3a 53.6a 
4 33.9c 38.4c 34.4c 33.4c 29.6c  33.4c 42.8b 
2002        
1 42.6a 35.3b 43.6a 51.1a 42.0a 41.4a 30.3b 
2 33.1b 37.5b 43.1a 43.7b 37.4b 36.4b 28.9b 
3 33.5b 36.0b 38.5b 39.1c 34.1b  39.1ab 38.2a 
4 35.6b 43.4a 42.6a 43.4b 25.7c  39.9a 38.7a 
            Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=28. 
Means within a cultivar with the same letter are not significantly different by year. 
The number of days from bud to harvest was less in 2001 than in 2002 for ‘Valentine’, ‘Full 
Sun’, and ‘Sunbright’ for the earlier the planting date.  The days from bud to harvest were less in 
2002 for these three cultivars for the third planting, and no differences were found for the fourth 
planting.  No differences were found between 2001 and 2002 for the number of days from bud to 
harvest for ‘Ikarus’ (Table 3.23).  Therefore, the number of days from bud to harvest should not 
be a factor in scheduling of Helianthus. 
The developmental stage, days to bud, was greater than the number of days from bud to 
harvest, which affected the number of days from plant to harvest.  In 2001, the days from 
planting to harvest were similar for all developmental stages of ‘Valentine’ except for the third 
planting (Fig. 3.5).  Both stages took significantly more days for development.  This may have 
been due to decreased solar radiation (Fig. 2.4) during this planting, which was caused by 
tropical storm Allison.  There was a difference of 26 d between the third planting (78 d), which 
had the greatest days to harvest in 2001 and the second and fourth plantings which had the 
fewest days to harvest (52 d).  
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Table 3.21.  Number of days to bud between 2001 and 2002 for seven cultivars and four plantings of Helianthus.  2001/2002 planting 
dates: 1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 22 Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 
‘Valentine’ ‘Soraya’ ‘Ikarus’ ‘Claret’ ‘Joker’ ‘Full Sun’ ‘Sunbright’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 42.0a 42.6a 43.9a 35.3b 49.7a 43.6b 46.9b 51.1a 46.6a 42.0b 46.8a 41.4b 43.8a 30.3b 
2 36.6a 33.1b - - 42.5a 43.1a 42.8a 43.7a 37.0a 37.4a 44.9a 36.4b - - 
3 49.8a 33.5b 57.4a 36.0b 44.8a 38.5b 54.9a 39.1b 46.4a 34.1b 48.1a 39.1b 53.6a 38.2b 
4 33.9a 35.6a 38.4b 43.4a 34.4b 42.6a 33.4b 43.4a 29.6a 25.7b 33.4b 39.9a 42.8a 38.7b 
Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=28. 
Means within a cultivar with the same letter are not significantly different by planting number. 
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Table 3.22.  Mean number of days from bud to harvest for 2001 and 2002 for seven cultivars and 
four plantings of Helianthus.  2001/2002 planting dates: 1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 
22 Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 
‘Valentine’ ‘Soraya’ ‘Ikarus’ ‘Claret’ ‘Joker’ ‘Full 
Sun’ 
‘Sunbright’
2001        
1 13.6c 21.1a 19.1a 17.5a 17.3b 18.2c 13.3b 
2 15.4c - 21.1a 20.0a 17.9b 21.2b - 
3 27.8a 21.2a 18.8a 19.4a 20.7a 23.8a 24.7a 
4 18.6b 22.6a 22.0a 17.9a 17.9b 22.4ab 25.5a 
2002        
1 20.6a 19.6c 19.2b  18.8ab 16.5b 19.8b 22.2a 
2   18.0ab  23.0b   21.0ab  18.8ab 18.2a 23.0a 23.6a 
3 17.4b 18.9c 18.9b 16.9b 15.4b 19.7b 20.4a 
4   20.2ab 26.2a 22.2a 20.4a 16.1b 22.9a 23.5a 
         Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=28. 
Means within a cultivar with the same letter are not significantly different by year. 
 
In 2002, the greatest difference in days to harvest was 14 d, which occurred between the first and 
second plantings for ‘Valentine’.  For ‘Full Sun’, the difference between the third and fourth 
plantings in 2001 was 11 d, but in 2002, the difference was 4 d between the second and fourth 
plantings (Fig. 3.6).  The number of days from planting to harvest will vary throughout the 
growing season, however, these differences should not affect scheduling dates.  Unger (1986) 
found that planting time of Helianthus had a major effect on the length of emergence to bud, but 
less of an effect on bud to anthesis.  The number of days to harvest for Helianthus annuus in 
South Louisiana can range from 50 to 65 d for both branching and single-stem cultivars with few 
differences in the number of days to harvest occurring between planting dates. 
Mean stalk length was greater the later the planting date in 2001 for ‘Valentine’, ‘Full 
Sun’, and ‘Sunbright’ (Table 3.24).  We found similar results to Unger (1986) in that the time of 
planting greatly affected stalk length of Helianthus and that stalk length increased the later the 
planting date.  No differences were found for ‘Soraya’ in 2001.  Mean stalk length was less for 
the first planting of  ‘Soraya’, ‘Ikarus’, ‘Full Sun’, and ‘Sunbright’ in 2002.  Few differences 
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were found in mean stalk length between 2001 and 2002 for ‘Valentine’, ‘Claret’, and ‘Full Sun’ 
(Table 3.25).  Mean stalk length was greater in 2001 for the first planting of ‘Soraya’, ‘Joker’, 
‘Full Sun’, and ‘Sunbright’, but few differences were found between the other planting dates 
with no trends occurring.  This indicates that stalk lengths may vary throughout the growing 
season, but for some cultivars stalk length will be greater the later the planting date.  
Postharvest longevity was greatest for pollenless (PL) cultivars ‘Full Sun’ (9 d) and 
‘Sunbright’ (10 d) in 2001 (Table 3.26).  Pollen-producing (PP) cultivars ‘Valentine’, ‘Soraya’, 
and ‘Ikarus’ lasted 1 to 2-d less than ‘Full Sun’ and ‘Sunbright’.  No difference was found 
between ‘Claret’ (PL) and the PP cultivars, and longevity for ‘Joker’ (PL) was less than 
‘Valentine’ (PP).  Differences in postharvest longevity between PP and PL cultivars varied, 
however, neither PP nor PL cultivars appeared to have a greater longevity than the other.  In 
2001, two PL cultivars, ‘Full Sun’ and ‘Sunbright’, had the greatest longevity 8.9 and 9.9 d, 
respectively, whereas PL cultivars ‘Claret’ (7.7 d) and ‘Joker’ (6.7 d) and PP cultivars 
‘Valentine’ (7.6 d), ‘Soraya’ (7.2 d), and ‘Ikarus’ (7.1 d) were similar (Table 3.26).  In 2002, no 
differences were found for ‘Valentine’ PP (11.4 d), ‘Full Sun’ PL (11.1 d), and ‘Sunbright’ PL 
(11.7 d) and differences were similar for the other PP and PL cultivars.  In this study, PP and PL 
cultivars appear to have similar posthavest longevity, but some PP and PL cultivars have a 
greater longevity than others.  Therefore, if pollen shed is not a concern to the consumer, 
‘Valentine’ will have as great a postharvest longevity as ‘Full Sun’ and ‘Sunbright’. 
Total soluble sugar (TSS) concentrations in harvested Helianthus inflorescences 
decreased the longer the inflorescences remained under postharvest conditions (Fig. 3.7). 
Although not significant, concentrations were higher in PL cultivar on the day of harvest, but 
less for 4, 8, and 12 d postharvest (Fig. 3.8).   
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Table 3.23.  Number of days from bud to harvest between 2001 and 2002 for seven cultivars and four plantings of Helianthus.  
2001/2002 planting dates: 1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 22 Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 
‘Valentine’ ‘Soraya’ ‘Ikarus’ ‘Claret’ ‘Joker’ ‘Full Sun’ ‘Sunbright’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 13.6b 20.6a 21.1a 19.6a 19.1a 19.2a 17.5a 18.8a 17.3a 16.5a 18.2b 19.8a 13.3b 22.2a 
2 15.4b 18.0a - - 21.1a 21.0a 20.0a 18.8a 17.9a 18.2a 21.2b 23.0a - - 
3 27.8a 17.4b 21.2a 18.9b 18.8a 18.9a 19.4a 16.9a 20.7a 15.4b 23.8a 19.7b 24.7a 20.4b 
4 18.6a 20.2a 22.6b 26.2a 22.0a 22.2a 17.9b 20.4a 17.9a 16.1b 22.4a 22.9a 25.5a 23.5a 
Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=28. 
































































































































































































Table 3.24.  Mean stalk length (cm) at harvest for 2001 and 2002 for seven cultivars and four plantings of Helianthus.   
2001/2002 planting dates: 1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 22 Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 
‘Valentine’ ‘Soraya’ ‘Ikarus’ ‘Claret’ ‘Joker’ ‘Full 
Sun’ 
‘Sunbright’ 
2001        
1 88ab 115a 95a 143b     132a        125b             62c 
2       71b -   84ab 169a     116ab        139ab - 
3       95a 115a 74b 135b     110b        147a 102b 
4       102a 118a 97a 143b  122ab        151a 126a 
2002        
1 84b      71c     72c   154ab 104b         99b             57c 
2   88ab   120ab     117a   166ab 133a 143a             78b 
3  106a 108b     96b 142b     134a 148a 124a 
4   92ab 128a     118a 172a      68c 145a 131a 
         Mean separation by cultivar for planting date with Tukey’s Studentized Range P < 0.05, N=28. 




Table 3.25.  Mean stalk length between 2001 and 2002 for seven cultivars and four plantings of Helianthus.  2001/2002 planting dates 
1 – 9 Mar./8 Mar., 2 – 1 Apr./3 Apr., 3 – 22 Apr./19 Apr., 4 – 12 June/10 May. 
Planting 
Number 
‘Valentine’ ‘Soraya’ ‘Ikarus’ ‘Claret’ ‘Joker’ ‘Full Sun’ ‘Sunbright’ 
 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 88a 84a 115a   71b 95a   72b 143a 154a 132a 104b 125a 99b 62a 57b 
2 71a 88a - - 84b   117a 169a 166a 116b 133a 139a 143a - - 
3 95a   106a 115a 108a 74b   96a 135a 142a 110b 134a 147a 148a 102b 124a 
4   102a 92b 118b 128a 97b 118a 143b 172a 122a 68b 151a 145a 126a 131a 
Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=28. 
Means within a cultivar with the same letter are not significantly different by planting number. 
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Table 3.26.  Mean postharvest longevity (d) of three pollen-producing (PP) and four pollenless 
(PL) cultivars of Helianthus annuus in 2001 and 2002. 
Cultivar 2001 2002 
‘Valentine’ (PP)                      7.6c  11.4a 
‘Soraya’ (PP)  7.2cd 7.9d 
‘Ikarus’ (PP)  7.1cd 9.5c 
‘Claret’ (PL)                      7.7c    10.0bc 
‘Joker’ (PL)                      6.7d 9.4c 
‘Full Sun’  (PL)                      8.9b    11.1ab 
‘Sunbright’ (PL)                      9.9a                           11.7a 
         Mean separation by cultivar with Tukey’s Studentized Range P < 0.05, N=25. 
         Means with the same letter are not significantly different by year. 
 
Ichmura and Suto (1999) found a positive correlation between the concentration of TSS and vase 
life in cut sweet pea flowers.  For Helianthus, a decrease in TSS after 8 d corresponded to 
acceptable postharvest longevity of 9 d.  All cultivars except ‘Soraya’ had mean postharvest 
longevity greater than 9 d in 2002 (Table 3.26) and the greatest decrease in TSS was between 8 
































































Figure 3.8.  Total soluble sugar concentration for 12 d postharvest of pollen-producing (PP) and 
pollenless (PL) Helianthus cultivars. 
Sucrose concentrations decreased from the day of harvest to the twelfth day of 
postharvest for all cultivars except ‘Valentine’ (PP).  Sucrose concentrations were greatest in 
‘Ikarus’ (PP) (32 and 7 mg/g DW) for 0 and 12 d postharvest (Fig. 3.9).  Glucose concentrations 
decreased from the day of harvest to the twelfth day of postharvest for all cultivars (Fig. 3.10).  
Concentrations were detected in only one sample for the twelfth day of ‘Starburst Aura’ (PL).  
Fructose concentrations decreased from the day of harvest to the twelfth day of postharvest for 
all cultivars (Fig. 3.11).   
The greatest differences in sucrose, glucose, and fructose concentrations were found 
between 0 d and 12 d postharvest.  Few differences were found between 0 d to 4 d, 4 d to 8 d and 
8 d to 12 d postharvest.  Sucrose was found in the least amount and decreased over the 
postharvest period.  In a study by Trusty and Miller (1991), for postproduction of pot 
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chrysanthemums, sucrose in the inflorescence was found in small amounts (11%) and decreased 





































Figure 3.9.  Sucrose concentration of three postharvest pollen-producing (PP) and three 









































Figure 3.10.  Glucose concentration of three postharvest pollen-producing (PP) and three 









































Figure 3.11.  Fructose concentration of three postharvest pollen-producing (PP) and three 
pollenless  (PL) cultivars of Helianthus annuus. 
 
In the same study, fructans decreased through day 16 to less than 5 mg/g dry weight and 
remained unchanged.  Our results were similar to those of Trusty and Miller (1991), but fructose 
concentrations decreased more gradually over time and in some cases increased before 
decreasing (Fig. 3.11).  Sucrose was limited in postharvest of Helianthus, and was not different 
between PP and PL cultivars through 12 d postharvest.  Fructose was still abundant through 8 d 
postharvest, then decreased rapidly through 12 d postharvest, indicating that fructose was used in 
greater amounts as sucrose levels decreased.  The fewest days of longevity was 7.9 d PP and 9.4 
d PL, and the greatest was 11.4 d PP and 11.7 d PL (Table 3.26).   Differences in carbohydrate 
concentrations between PP and PL cultivars do not suggest a greater postharvest longevity for 
one over the other. 
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Starch content was not different from 0 to 12 d postharvest for the three PP cultivars of 
‘Valentine’, ‘Soraya’, and ‘Ikarus’, however, differences were found between all three PL 
cultivars.  Starch content was different the day of harvest (0 days postharvest) from 4, 8, and  
12 d postharvest for ‘Claret’ and decreased from 9.5 to 7.4 mg/g DW the day of harvest (0 days 
postharvest) to 12 d postharvest (Fig. 3.12).  Starch content between 4 and 8, 4 and 12, and 8 and 
12 d postharvest was not different.  Differences in starch content for ‘Joker’ was similar to 
‘Claret’ in that it decreased from the day of harvest through 12 d postharvest (11.6 to 9.7 mg/g 
DW), but was not different between 4 and 8, 4 and 12, and 8 and 12 d postharvest.  Starch 
content for ‘Starburst Aura’ decreased from the day of harvest through 12 d postharvest (8.8 to 
6.6 mg/g DW), from 4 days postharvest to 12 d postharvest (7.9 to 6.6 mg/g DW), but was not 
different for 8 d and 12 d postharvest.  Trusty and Miller (1991) found that at the time of fructan 
breakdown, starch concentrations increased and when fructan levels did not change, starch levels 
decreased.  In our study, for the three PP cultivars, fructose levels varied (Fig. 3.11) and had 
decreased by 12 d postharvest, however, starch content was not different over the 12 days 
postharvest.  For PL cultivars, as starch decreased from the day of harvest through 12 d 
postharvet, fructose levels also decreased.  However, when starch concentrations remained 
unchanged (4 through 12 d for ‘Claret’ and ‘Joker’, and 8 through 12 d for ‘Starburst Aura’), 
fructose levels continued to decrease.  This does not suggest that although starch levels did not 
change in PP cultivars, that they have a greater postharvest longevity than PL cultivars.  ‘Claret’ 
and  ‘Joker’, two PL cultivars, had the lowest starch content at harvest and 12 days postharvest.  
Trusty and Miller (1991) found that at the time of fructan breakdown, starch concentrations 
increased and when fructan levels did not change, starch levels decreased.  This contradicts our 

































 Figure 3.12.  Starch content of three pollen-producing and three pollenless cultivars of        
Helianthus annuus for twelve days postharvest. 
 
As fructose concentrations increased or remained unchanged (Fig. 3.11), starch concentrations 
steadily decreased except for ‘Ikarus’, which increased (Fig. 3.12) and as fructose was broken 
down, starch continued to decrease, except for ‘Ikarus’.   
ZINNIA ELEGANS 
 
 The mean number of days to bud were greatest for the fourth planting for all cultivars 
(average of 42 d) in 2001 (Table 3.27).  Planting two had the least number of days to bud for all 
cultivars (average of 29 d) for a difference of 13 d, except ‘Radiant White’, which had the least 
number of days to bud during the third planting, but was not significantly different from the 
second planting.  In 2001, the days to bud for the fourth planting was 11 to 17 d greater than the 
second planting for all cultivars except ‘Radiant White’ (Table 3.27).  The first planting in 2002, 
however, had the greatest number of days to bud. 
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Table 3.27.  Mean number of days to bud in 2001 and 2002 for five cultivars and four plantings 
of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 - 6 May/19 Apr., 4 
- 21 May/10 May. 
Planting Number ‘Radiant 
White’ 






2001      
1 33.4b 32.1b 32.3b 34.1b 32.9b 
2   30.8bc 28.4c 28.5c 27.7c 27.4c 
3 30.3c 31.4b 32.0b 32.2b 31.6b 
4 41.2a 45.0a 39.1a 41.5a 40.6a 
2002      
1 39.1a 37.8a 39.1a 37.6a 34.7a 
2 31.3c 33.3b   32.9bc 34.1b 30.7b 
3 32.2c - 30.2c 30.5c 31.0b 
4 35.0b 32.4b 33.4b   31.9bc   31.8ab 
      Mean separation by cultivar for planting dates with Tukey’s Studentized Range P < 0.05, N=30. 
Means within a cultivar with the same letter are not significantly different by year. 
An increase in the number of days to bud for the third and fourth planting would be expected 
because Zinnia is a quantitative short day plant.  The first planting in 2001 had greater days to 
bud than planting two, however temperatures in 2001 (Fig. 2.3) for the first planting was lower 
than the second planting, which may have contributed to an increase for the days to bud.  
Temperature has been reported to affect developmental periods in photoperiod sensitive plants 
(Vince-Prue, 1975; Salisbury, 1963).  The fewest days to bud, however, varied for each cultivar.  
Post (1942) found zinnias to flower faster under increasing temperatures.  Temperatures varied 
from 12 oC (54 oF) to 23 oC (73 oC) for the first planting in 2002 from 8 March to 5 April (Fig. 
2.3), which may have caused an increase in the days to bud.  The mean number of days to bud 
between 2001 and 2002 was greater in 2002 for the first planting for all cultivars (average 
difference of 5.4 d) except ‘Giant Dahlia Mix’.  The greater number of days to bud for the fourth 
planting however was in 2001 with an average difference of 8.6 d (Table 3.28).  No differences 
were found for any of the cultivars for the third planting.  Due to variations in the number of 
days to bud between planting dates, and year (2001 and 2002), no trends could be established.  
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Therefore, the developmental stage of days to bud cannot be used to predict time to harvest when 
scheduling. 
Table 3.28.  Mean number of days to bud between 2001 and 2002 for five cultivars and four 
plantings of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 - 6 











 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 33.4b 39.1a 32.1b 37.8a 32.3b 39.1a 34.1b 37.6a 32.9a 34.7a 
2 30.8a 31.3a 28.4b 33.3a 28.5b 32.9a 27.7b 34.1a 27.4b 30.7a 
3 30.3a 32.2a - - 32.0a 30.2a 32.2a 30.5a 31.6a 31.0a 
4 41.2a 35.0b 45.0a 32.4b 39.1a 33.4b 41.5a 31.9b 40.6a 31.8b 
         Mean separation by cultivar for years with Tukey’s Studentized Range P < 0.05, N=30. 
         Means within a cultivar with the same letter are not significantly different by planting number. 
 
The mean number of days from bud to harvest was greater the earlier the planting date in 
2001 for all cultivars (Table 3.29).  Fewer significant differences were found in 2002, but where 
differences were found, the number of days from bud to harvest was greater the earlier the 
planting date.  The mean number of days from bud to harvest was greater in 2001 for all cultivars 
for plantings 1, 2, and 3 (Table 3.30) except the first planting of ‘Cactus Jewels Mix’.  No 
differences were found for the fourth planting except for ‘State Fair Mix’.  This study indicates 
that the number of days from bud to harvest will be greater the earlier the planting date.  Many of 
these differences were less than 7 d and should not affect production when scheduling zinnias. 
Differences in yield for 2001 indicated that the 31 cm (12 in.) cut stem length yields were 
greater than those cut 46 cm (18in.) (Table 3.31).  Few differences were found between cut stem 
lengths for 2002.  Yield differences varied among cultivars between planting dates in 2001 
(Table 3.32).  In 2002, no differences were found in yields for plantings 3 and 4.  Yields for cut 
stem lengths of 46 cm varied among cultivars for plantings 2, 3, and 4 in 2001 (Table 3.33).   
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Table 3.29.  Mean number of days from bud to harvest in 2001 and 2002 for five cultivars and 
four plantings of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 - 6 
May/19 Apr., 4 - 21 May/10 May. 
Planting Number ‘Radiant 
White’ 






2001      
1 21.3a 22.0a 19.5a 21.3a 21.9a 
2 17.8b 18.6b 18.3a 19.7a 18.6b 
3 16.5b 15.1c 14.6b 15.2b 14.9c 
4 12.4c 12.0d 11.7c 14.4b 13.6c 
2002      
1 13.8a 13.1a 16.8a 16.7a 14.3a 
2 12.9a 10.5b 12.6b 13.4b 12.7a 
3 12.4a - 11.5b 13.0b 13.5a 
4 12.3a 10.9b 12.7b 12.1b 13.2a 
         Mean separation by cultivar for planting dates with Tukey’s Studentized Range P < 0.05, N=30. 
         Means within a cultivar with the same letter are not significantly different by year. 
 
Table 3.30.  Mean number of days from bud to harvest between 2001 and 2002 for five cultivars 
and four plantings of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 Apr./3 Apr., 3 





‘Red Sun’ ‘Cactus 
Jewels Mix’ 




 2001 2002 2001 2002 2001 2002 2001 2002 2001 2002 
1 21.3a 13.8b 22.0a 13.1b 19.5a 16.8a 21.3a 17.6b 21.9a 14.3b
2 17.8a 12.9b 18.6a 10.5b 18.3a 12.6b 19.7a 13.4b 18.6a 12.7b
3 16.5a 12.3b - - 14.6a 11.5b 15.2a 13.0b 14.9a 13.5b
4 12.4a 12.4a 12.0a 10.9a 11.7a 12.7a 14.4a 12.1b 13.6a 13.2a
         Mean separation by cultivar for year with Tukey’s Studentized Range P < 0.05, N=30. 
         Means within a cultivar with the same letter are not significantly different by planting number. 
 
In 2002, no differences were found for yields between cultivars for plantings 2, 3, and 4.  Yields 
will vary depending on planting date, but plantings later in the season appear to have higher 
yields.  Plants for the third planting of ‘Red Sun’ and the second planting of ‘Cactus Jewels Mix’ 
had no yields due to insect damage in 2002.  There was no cultivar that consistently produced 
more or less stems than another regardless of planting date, year or stem length. 
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Table 3.31.  Mean yield for cut stem lengths of 31 cm (12”) and 46 cm (18”) in 2001 and 2002 
for five cultivars and four plantings of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 











2001 31  46  31  46  31  46  31  46  31  46  
1 - - - - - - - - - - 
2 69.6a 34.4b 82.4a 48.9b 65.2a 40.6b 28.7a 26.1a 68.4a 40.3b 
3 64.0a 37.9b 69.9a 30.2b 36.9a 21.1b 38.9a 13.4b 59.7a 41.6b 
4 43.7a 40.1a 63.3a 39.3b 36.8a 36.4a 23.7a 16.3a 56.2a 38.9a 
2002 31  46  31  46  31  46  31  46  31  46  
1 42.3a 29.3b 36.1a 17.6b 17.7a 25.0a 36.7a 28.0a 41.9a 42.0a 
2 47.3a 43.8a 47.6a 47.5a - - 30.4a 30.4a 57.3a 40.7b 
3 38.4a 46.2a - - 39.1a 37.3a 29.3a 33.8a 29.3a 37.6a 
4 30.3a 27.7a 29.3a 34.7a 32.3a 38.7a 19.0a 24.7a 26.7a 36.7a 
         Mean separation for cultivars by planting date with Tukey’s Studentized Range P < 0.05, N=15. 
         Means within a cultivar with the same letter are not significantly different by year. 
 
Table 3.32.  Mean yield by planting date for cut stem lengths of 31 cm in 2001 and 2002 for four 
plantings and five cultivars of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 











2001      
1 - - - - - 
2 70a 82a 65a 29b 68a 
3 64a 70a 37b 39b   60ab 
4     44abc 63a   33bc 22c   56ab 
2002      
1 42a   36ab 18b   37ab 42a 
2   47ab   48ab - 30b 57a 
3 38a - 39a 29a 29a 
4 30a 29a 32a 19a 27a 
Mean separation by planting date with Tukey’s Studentized Range P < 0.05, N=15. 
Means within a cultivar with the same letter are not significantly different by year. 
 
When developmental stages were combined, the number of days to bud occurred over a 
greater length of time than the number of days from bud to harvest for Zinnia elegans ‘Radiant 
White’ (Fig. 3.13).  The number of days to harvest were greater for the first and second planting 
in 2001 and for the first planting in 2002.   
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Table 3.33.  Mean yields by planting date for stem cut lengths of 46 cm in 2001 and 2002 for 
four plantings and five cultivars of Zinnia.  2001/2002 planting dates: 1 – 16 Mar./8 Mar., 2 – 8 











2001      
1 - - - - - 
2  34ab         49a 41ab 26b 40ab 
3  38ab 30bc 21cd 13d         42a 
4        64a         70a         37b 39b 60ab 
2002      
1   29ab 18b 25b  28ab 42a 
2 44a 48a - 30a 41a 
3 46a - 37a 34a 38a 
4 28a 35a 39a 25a 37a 
Mean separation by planting date with Tukey’s Studentized Range P < 0.05, N=15. 
Means within a cultivar with the same letter are not significantly different by year. 
 
There was a 9-d difference between the least number of days to harvest (plantings 3 and 4) and 
the most number of days to harvest (planting 2) in 2001.  In 2002, there were 7 d difference 
between the least days to harvest (plantings 2 and 3) and the most days (planting 1).  Armitage et 
al. (1981) found that higher temperatures applied to zinnias after visible bud, reduced the time 
from visible bud to anthesis in geraniums.  Boyle and Stimart (1983) found the greatest increase 
in zinnia response to photoperiod occurred between 12 and 14 h.  In their study, as photoperiod 
increased the number of days to flower increased under constant temperatures of 24 oC/17 oC 
(day/night).  In our study, as photoperiod and temperature increased the number of days to 
harvest decreased.  This indicates that although zinnias are quantitative short day plants, as 
photoperiods and temperatures increased the number of days to harvest decreased, and that 
temperature is an important factor in zinnia production.  The number of days to harvest in South 
Louisiana occurred between 45 and 55 d throughout the growing season.  Although statistical 
differences were found, these differences are not going to greatly affect scheduling.  Ten days 
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difference is not going to affect production because yields can be obtained over many weeks and 
once plants begin to flower, harvesting of the different scheduled plantings will overlap. 
 Disease evaluations were based upon the observance of Alternaria blight (Alternaria 
zinnia Pape), powdery mildew (Erysiphe cichoracearum DC ex Merat), and bacterial leaf and 
flower spot (Xanthomonas campestris  pv. zinniae Hopkins & Dowson).  Disease severity (Table 
2.3) ranged from 2.1 to 4.0 on week 2 for Zinnia planted on April 11.  ‘State Fair Mix’ 3.8 (11% 
- 25%) and ‘Giant Dahlia Mix’ 4.0 (26% - 50%) had the highest severity ratings (Table 3.34).  
The lowest disease incidence occurred on ‘Radiant White’ 2.1 (1%- 10%) and ‘Red Sun’ 2.5 (1% 
- 10%).  ‘State Fair Mix’ 5.5 (51% - 75%) retained the highest severity rating for week 4, while 
disease incidence increased for ‘Radiant White’ 3.1 (11% - 25%), and ‘Cactus Jewels Mix’ 4.0 
(26%- 50%).  The severity rating ranged from 4.8 to 6.0 for week 6 with most cultivars 
succumbing to a similar increased incidence of disease.   
Plantings on April 29 showed disease severity ratings ranging from 3.8 to 4.9.  ‘State Fair 
Mix’ 4.9 (26% - 50%) had the highest severity rating for week 2 (Table 3.34).  All cultivars had 
severity ratings ranging from 4.0 to 4.7 (26% - 50%) for week 4, and no differences between the 
cultivars were found.  Severity ratings for week 6 ranged from 5.4 (51% - 75%) for ‘Radiant 
White’ to 6.0 (75% - 100%) for ‘Red Sun’ and ‘State Fair Mix’.  All cultivars proved to be 
susceptible to disease by week 2.  By week 6, incidence was high for all cultivars; ‘State Fair 
Mix’ had the highest rating for both planting dates while ‘Radiant White’ had the lowest rating 
for both dates (Table 3.34).  Although these plants were transplanted in April when temperatures 
were still cool, the incidence of disease in week 2 occurred prior to planting in the field and was 
identified as bacterial leaf spot.  As temperatures warmed during weeks 4 and 6, cercospora leaf 





























































































Table 3.34.  Mean disease rating for five cultivars and two plantings of Zinnia for six weeks in 
2002. 
Cultivar Planting Date Week 2 Week 4 Week 6 
 April 11 April 25 May 9 May 23 
‘Radiant White’ - 2.1b 3.1c 4.8b 
‘Red Sun’ - 2.5b   3.4bc   5.4ab 
‘Cactus Jewels Mix’ -   3.1ab   4.0bc   5.5ab 
‘State Fair Mix’ - 3.8a 5.5a 6.0a 
‘Giant Dahlia Mix’ - 4.0a   4.6ab   5.3ab 
 April 29 May 13 May 27 June 10 
‘Radiant White’ -   4.8ab 4.2a 5.4b 
‘Red Sun’ - 3.8b 4.3a 6.0a 
‘Cactus Jewels Mix’ -   4.7ab 4.7a   5.8ab 
‘State Fair Mix’ - 4.9a 4.0a 6.0a 
‘Giant Dahlia Mix’ -   4.4ab 4.3a   5.9ab 
      Mean separation by week by planting date with Tukey’s Studentized Range P < 0.05, N=10. 
      Means within a week with the same letter are not significantly different. 
 
‘State Fair Mix’ and ‘Giant Dahlia Mix’ were more susceptible to disease earlier then the other 
cultivars.  Although the incidence of disease spreads rapidly, Zinnia is a fast growing crop. Thus, 
Zinnia can grow faster than the spread of the disease and good yields can still be obtained.  
Gombert et al. (2001) found of 57 cultivars of Zinnia evaluated for disease resistance over a 17-
week period, all were susceptible to alternaria blight, bacterial leaf spot, and powdery mildew.  
In our study, similar results were found for a 6-week period.  Although a disease rating of 6 was 
assigned to some cultivars by week 6, plants continued to grow and produce inflorescence which 
were not affected by the diseases and were of harvestable quality.  This indicates that Zinnia 
elegans is highly susceptible to diseases and high incidence of disease can occur in 6 weeks after 




CHAPTER 4  
CONCLUSIONS 
 The primary purpose of this study was to determine the effect of scheduled plantings 
from February through May had on emergence, growth, development and flowering of 
Gladiolus, Celosia, Helianthus, and Zinnia.  The effect that time had on most stages of crop 
development appears to be insignificant when scheduling planting dates.  Although there were 
some significant differences in time for developmental stages between planting dates and 
between years, many of these differences were less than 7 d.  The effect this short time period 
would have on determining planting dates would be irrelevant to most growers.  There were, 
however, some differences that should be considered when planning the planting schedule. 
 The developmental stage most affected by planting date for Gladiolus was the number of 
days to emergence.  This stage averaged 28 d for earliest plantings and 15 d for the later 
plantings.  The average number of days from emergence to bud for the earlier plantings was 57 d 
while for the later plantings it was 53 d.  The average number of days from bud to harvest was 7 
d for the earlier plantings and 9 d for the later plantings.  All cultivars of Gladiolus in this study 
yielded an average of 2 to 3 flower stems per corm, however, some cultivars may have higher 
yields.  Scheduling shorter durations between gladiolus plantings (1 week) with cool soil 
temperatures (< 15 oC) and (2 weeks) with warm soil temperatures (< 20 oC), would provide a 
more constant supply of cut stems during the growing season. 
 Developmental periods, days to terminal inflorescence formation and terminal 
inflorescence formation to harvest varied over time for Celosia, thus affecting the number of 
days to harvest.  Although classified as a quantitative short day plant, the number of days to 
harvest was greater under short daylengths and cool temperatures.  The average number of days 
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to terminal inflorescence formation for the earlier plantings was 43 d, while for the later 
plantings it was 39 d.  The number of days from terminal inflorescence formation to harvest for 
the earlier plantings was 35 d, and for the later planting date it took 27 d.  Therefore, scheduling 
Celosia at 2-week intervals beginning in early March, then at 3-week intervals for plantings 
beginning in May should allow growers to provide a consistent supply of celosia and harvestable 
laterals, but stalk length will be shorter for later plantings. 
 The number of days to bud is the most important developmental stage when scheduling 
Helianthus, due to it being the stage which takes longest to develop. It took an average of 43 d to 
bud for the earlier plantings and average of 37 d for the later plantings.  The number of days 
from bud to harvest took an average of 18 d for the earlier plantings and an average of 21 d for 
the later plantings.  The number of days from bud to harvest should not vary between planting 
dates by more than 7 d under optimal growing conditions.  Since the number of days to bud 
varies over time (57 to 26 d), it is recommended that Helianthus be scheduled at 2-week intervals 
throughout the growing season for optimal production.  This strategy would also insure that stalk 
lengths would be greater for the later planting dates. 
 Postharvest studies and carbohydrate and starch analysis on Helianthus demonstrated that 
both pollenless and pollen-producing cultivars vary in longevity.  The results from this research 
indicated that neither type increases longevity over the other.  The theory that pollenless cultivars 
have a greater vase life was disproved in this experiment, but instead postharvest longevity 
appears to be cultivar dependent.  Carbohydrate and starch analysis indicated that soluble sugars 
and starch decreased for most all cultivars.  These results did not indicate that postharvest 
longevity depends on carbohydrate content. 
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 Similar to Helianthus, the number of days to bud was more significant in scheduling 
planting dates for Zinnia than the number of days from bud to harvest.  The average number of 
days to bud was 35 d, while the later plantings took an average of 37 d.  The average number of 
days from bud to harvest was 18 d for the earlier plantings, but for the later plantings, it was  
13 d.  Although Zinnia is considered a quantitative short day plant, the number of days to harvest 
decreased over time.  Since Zinnia is a fast growing plant that produces many flowers over 
several weeks, it can be scheduled at 3-week intervals and provide high yields throughout the 
growing season.  Plants harvested with stem cut lengths of 31 cm may produce higher yields than 
stem cut lengths of 46 cm.  This is a result of more buds being removed when cut 46 cm, but 
yields will depend on the cultivar being grown.  Incidence of disease is very high among Zinnia 
and begins to spread throughout the crop within 2 weeks after planting when disease 
management is not practiced.  Some cultivars, such as ‘Radiant White’ and ‘Cactus Jewels Mix’, 
were less susceptible, but all eventually become severely infected. 
 Little research has been done on scheduling of cut flowers, however, this study 
demonstrates that the differences found between developmental stages are less significant than 
the time from planting to harvest.  The findings in this study should assist growers in planning 
market dates through crop scheduling and aid other researchers in understanding how scheduling 
of cut flowers is affected by time.  Further research should be conducted on temperature and 
solar radiation and how these two factors affect developmental stages throughout the growing 
season.  Although, solar radiation is important in cut flower production, photoperiod and 
temperature appear to be more significant in the developmental stages of Gladiolus, Celosia, 
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